Metabolic and autocrine regulation of the mammalian target of rapamycin by pancreatic beta-cells.
Mammalian target of rapamycin (mTOR) is a serine and threonine protein kinase that regulates numerous cellular functions, in particular, the initiation of protein translation. mTOR-mediated phosphorylation of both the translational repressor eukaryotic initiation factor 4E binding protein-1 and p70 S6 kinase are early events that control the translation initiation process. Rapamycin, an inhibitor of mTOR, is a potent immunosuppressant due, in part, to its ability to interfere with T-cell activation at the level of translation, and it has gained a prominent role in preventing the development and progression of rejection in pancreatic islet transplant recipients. The characterization of the insulin signaling cascade that modulates mTOR in insulin-sensitive tissues has been a major focus of investigation. Recently, the ability of nutrients, in particular the branched-chain amino acid leucine, to activate mTOR independent of insulin by a process designated as nutrient signaling has been identified. The beta-cell expresses components of the insulin signaling cascade and utilizes the metabolism of nutrients to affect insulin secretion. These combined transduction processes make the beta-cell an unique cell to study metabolic and autocrine regulation of mTOR signaling. Our studies have described the ability of insulin and IGFs in concert with the nutrients leucine, glutamine, and glucose to modulate protein translation through mTOR in beta-cells. These findings suggest that mitochondria-derived factors, ATP in particular, may be responsible for nutrient signaling. The significance of these findings is that the optimization of mitochondrial function is not only important for insulin secretion but may significantly impact the growth and proliferation of beta-cells through these mTOR signaling pathways.